
Depreciation Lives for Telecom EQuipment

The middle scenario represents a balancmg act for the LEC~, If they {)\"er­
Invest in upgrading copper. they risk entering the next century with an obsolete
network after having sunk large amounts of money into equipment to enhance the
copper technology. On the other hand. they cannot get fiber to everyone .... lmui:;,lr.:.?­
ously. and. even if they could. it might not be the best plan financially. The midd!;?
scenario avoids the two extremes. with wideband sen'ices being provided or. co!"'­
per In the early years. then migrating to fiber as dem:,md increases and costs ...:on­
tInue to fall.

Exhibit 7
Distribution Fiber to Meet New Services Demand
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Exhibit 7 (Continued)
Distribution Fiber for Broadband Services
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Exhibit 8
The Adoption of Distribution Fiber-Three Scenarios
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Depreciation Lives for Telecom Equipment

Adopting fiber more slowly than In the miJdk ,c~nano wouiu r~qulre t00 IJrg~

of an investment in ADSLJHDSL and divert exce~SI\'e re~ource:- J\\JY from the

preferable. long-term technology-FITL. With the competition Jerl()Ytn~ m(lr~

efficient technology and offering higher-quality ser;ice:-.. thi~ w011ld he :.l \,bngerl)ll'
course, For this reason. we believe that the middle scenario implie, th~ l11~lXlmum

rational deployment of interim technologies and that the late scenario I' not a r.:~:­

sonable choice.

However. this does not mean that the middle "cenam) IS n':l.:e:-:-Jrih til.:- Ot.:..;t
choice either. For companies that want to realistically compete m the pn)\'",ion of
slandard cable television sen·ices. as opposed to what has heen called VCR-quality
interacti\'e services. the early scenario is hetter. Also. regardl~s~ .11 I:ahle t~k\i:-ion

,t.:n·lces. many companies will adopt fiber strategie~ that will be mll.:h d()ser to the

early scenario because. given the increasingly competitive nature of the mJlI:o-try.
this is a less risky strategy. For these reasons. we believe th:lt the likely industry
FITL adoption pattern will fall between the early and middle scenarios,

The result is an industry ARL of 10.2 years (as of 1/1/95') for copper distribu­
tion facilities for the companies that adopt fiber according to the tl1lJdk scenalW.
Comp:,mies that aggressi\'ely adopt tiber optics will expenence an ARL ot' about -,:­

year..... I: \Ve belie\'e th:lt competitive forces in the Industry \\'ill tend to mow the
mdu--tr\' ~ .... J whole closer to the earl\' scenario. These estimate, Jo not lake intp. .

~lCcoUnt the impact of compemion. TFrs 1995 compelili\'e impai:t study .sh()\n~d

Ina! l..'ompetition from \\In~ie .... " technologies and cable t~kYblt'n ,-'oldJ r~Jucl.?

remamlng economic li\'es for copper cable to between IW() and fi\l' y\.'ar,. ('yen
under the a\'crage tiber adoption ,cenario. l :

Metallic Cable, Composite Lives

Ignormg comp~tition. \\'~ r~commcnd ;L\t.:ragc remaInmg li\(', Ilf :.l) \'C:II" tnr
Interoffice copper. 7.0 to 'j,~ year.... tor coppcr feeder. and -:.5 !(l 10,: y(':II', ior

disrrihution. About 5S'c of current metallic outside plant im'estmt:n! I' In mleroffic~

L.lciliti~s. with lhe remainder di\ided equally het\\'ecn feeder :md Jistribullon
Thlh. a compostle .~RL for copper outside plant should he het\\'ccn 7.0 and S, 7

"I.'\,;' Llt'lk .~ .~ In AlIal.:nmcm .~ !(\r-\RL C:llmrUlalllln,

.: L. I\: \ an~lOn ~tnJ C. RO~l:r,. 111/'('1(" \ ,Il/(l Cahic i (1/1"(" .)('1'1"111" FOI'/'/(/lI\ 11I111 (,'11/1'1'111/1'('

IIIII,(/,rS l.-\U"llll. TX. Te\,;'hn(\I(\~\ Future,. lth: .. li./l/:' ,
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\·ears. i -~ For a typical company. this would I.:orrespond to a pro.i~ction lit~ or"

between I-+ and 16 yeJrs for the inst.111ed b.1Se of eqmpmem. .-\ rJnge ot pro.i~~·tion

lives are provided SInce a specific projection life corresponding to th~ indll~try .-\RL
depends upon age. distribution. and curve selection.

As an exampie. underground cable is mostly imerofrice and feed.::-. ;.lI1J an .-\RL
of 6.6 to -:.3 years is recommended for that accOllnt. l .! For a rypic~lI i:ompany. [hi'

ARL i:orresponds to J projection life of between I:' and 1S y~ars for the insl~l!h::J

base of equipment. I[ should be noted that the projection life depends on cun'c
assumptions and the a\'erage age of plant. which will be unique for eal:h .:ompany.

Lives for Fiber Cable

Although there continue to be significant technological impro\'ements in tiber
optic cable. it is not yet clear how much of loday's single-mode tiber will t'l~

replaced when superior technology becomes available. Much of the multimode
fiber installed in the early days of fiber has been replaced with single-mode tiber.
With such an historical prece~ent. we cannot rule out technology-driven replac~­

mem of fiber cable. HO\\'e\'er. with the exception of the multimode to single-moue
tran~ition. upgrades to existing fiber systems have conccntiJted on the associmed
electron:c:-,. For this reason. we did not appl~' the same type of substitution ~maly"i.;

th:u we did for the other accounts. This is not to sa\·. howcver. that tiher
Investment will h:.l\l: e"peclally long lives.

As identified hy GTE Labs and Bellcore. there are four maior factors impactin~

fiber h\'es: technolo~lcal obsolescence. topological ohsolesl:enc~. mc-=h'U1ic~tl

degradation_ and OpIH'::11 degradation. Technological ohsoJescence is to be eXpCl:l~J

e\~n if th~ I.,ucces"ur [-:chnolog: h not ob\'1oUS roday. \\'\? ha\'c aln:ad~ ...<:en lllK

~encratlOn of fiher optIC., be repl:J.ced. as multlmode tiber made way fnr single­
mode fiber. AI"o. manufacturers wnrinue to improve the basic propel1les of tiber
such a... tlexibility. strength. clarity. transmission quality. reflectivity. refractivity.
and durahility. TopologIcal obsolescence is where the location. routIng. slZlllg. or
architecture of a fiber mstJlbtion later provcs wrong. Fin:.llly. fibers eventually will

: ~ TI,.., I' ~ WCI:!hlCU ;.l\er;J;':':. For thl: lower value: ~c; x :::.lJ years + .n.:";; )t 7.0 ~ears +

..j~:'C; )( ... ::, \ car' = "7 (! ~eJr, For Ih.: hIgher \allle: ::.,..; ~ :::,lJ ~l.'ars ... ~i.::'r.; )( 7.S ycars +

.; .... ~{". -, 1(1: \.:ar~ = ,'I ... \~;lr~.

- TillS IS .1 WCI~hll:l.1 ;1\ era;,:\: ;:ompuled trom the relall\'~ In\estments In fecdcr and intemfti':l:
:a-:ililll:'1. For til..: I\l\\~r \;Jlu-.: 10\, x 2.l,I YC:lr~'" 110q x 7.0 ~ear~ = h.h \·ears. For th~ hlgh~r

\';liuc lor;.... :::. y \ C;lr' - yw~ )(..,.s years =7.:' ye:m•.
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Depreciation Lives for Telecom Eaulpment

crack or "20 dark" with a!!e. causin~ de~radation in transmission c.lNbiim
"'" - - - ' ..

Although more careful fiber specification and installation ha:o; Impro\"ed lib;::- ii'·e~.

e\'entual wear-out is still a factor. 15 Putting these factors together. me neq ~:\ :til­
able technical judgment indic.ltes that the projectIon life of fiber should t"l\? :n ~. ;::'::',
and that anything more puts the recovery of capital in jeopardy, j to

Because of competition. any in\'estment in the local exchange networK 111m h::,
an element of risk. The investment and accounting commllnitie:o; mus, rerlec: thl~

rIsk in e\'alliating assets,I"? Although. from a technological \·ie\\·polnt. a pro.lt:.:unn

life of 20 years is appropriate. there should be a downward adjustment tor the n:-.~

factor. Obviously. the appropriate amount involves some judgment that str~lY' tl'l'm

the realm of both mOl1alitv analvsis and technolo~\' forecastin~. hut fi\"e \ear, ma\..... _. ... .. .

be a reasonable adjustment. Thus. J life of 1.5 to 20 veal'S i:-. rel:omm~nJ~d.

depending on whether the risk factO!' is considered.

Lives for Digital Circuit Equipment

The digital circuit equipment account includes a variety of different equirm\?nt
types. :o;ome very modern and some quite old and nearing obsolescence. Ho\\e'"er.
"ll1l1ally all circuit equipment will be impacted by S01'\ET technology. Thu:-.. iore­
casllng the adoption of SONET allows us to calculate an upper bound on the rw­
JUCllW life of any type of circuit equipment.

Exhibit 9 shows our forecasts or the percentage of capacity on SO~ET lor thc
interoffice and loop environments. respectively. These forecasts are hased l)1l the
Fisher-Pry model applied to estimates and pianning data irom nme LEC~."IH)\\ 11

h: the hollo"" boxes, By 200.5. essentially all currently-deployed di:;itaJ ClrCUI!
eqUIpment \\'ill have been replaccd by SO~ET ~qulpment. CombJnJn~ thc 1I11er­
office ~md loop forecast:-. Implie" ~l \\"~ighted .-\RL for digital circuit eql1lrmClH or

!;; Th~ ri1~''''lcal propertJe~ of tiher ar~ \~f\ difler~nl Irom lho...~ 01 wpper. .lIld thclr rh\'I.:;l! II\~"
.lr~ ;lllc":ICd hy dillcrent (aclors" Tim.... hl"lom:;.Ill'('rper Il\c" pronoc no gUlo;In\:~ In ~"11111;1l111;':

Ilh~r lI\c ...

I h C. \1. Lcmro\\, Corning Glass \\"orb. "HIl\\ :'.1uch SIre ...... Can Fiher Tal..~.'''· Tc'i('fl;'(l1/ \ I \ b~

:~, Il)X~ I:S:. Abo, Bellcon: Tc\:hnl\:;11 ,-\d\I"Iln Commulcc. Cell('l'Il R('lIIl1r('lI/l'lIfI" 101' (J",/( (/1

1'i;l('I" I/I/d 0"'1("(// Fih"I" Cllh/c bsuc ~ (T"-\-~\\T-l\()()(J~().Dccel11hcr \IN I I" T1 :"

Cl'mpc\I\I\'C nsl.; was aUlJressed h\ :'.1Il0d\ ... l!1\C"IIlr ... Ser\'l\:c (,~~ T<'Il'UIII/II/II/I/("(lIlol/\

R('"oriS IDcccml'ler 0, 1l}9~1::'i) with U... \\arnlng "In additIOn. 11 ",;.1\" the trcmJ IowaI'd tclCT1Il0I1C
,·nmn;lnIC... entering each other 10\:JI C\l'han~c marl\cl ... throu~n aillan\:c" \\ Ith \:Jhlc T\ oncrallll'
.lnulile prospect 01 nc\\" \\Irelc " scrn..:c, n;1\ ~ lnl:rca...clJ Inc \:omT1CIIlI\C n ... 1\ allllc localloor I~""':

'Ignllicant!\" TdCll " UCl'l1 rallng~ ";.II''': lIh.CI~ 10 n~ down!!radCd J" ;1 result .. Ttl~ ...am.:: n" .. lP

the l.::kl'" , Jet"ol I... laccd h\ thc lch;p'" ..l",Ch
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3.7 years.I~.19 For existing digital circuit equipment. this ARt lmplie~ a pro.ll:c­
tion life of eight to nine years for a typical company.

Exhibit 9
Adoption of SONET Equipment
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Lives for Analog Circuit Equipment

The analog Circuit account mcludes analog carrier equipment and vanous other
equipment for use In ;,In analog em'lronment. notably Metallic Facility Tc=mlination
IMFT) equipment lIsed for lIne treatment and conditioning on subscriber private­
line loops and Switched MaIntenance Access System (SMAS) test equipment used
lO test individual analog circuits,

II'- Thl:-. IS a conscr\'all\'c estlmalC hCl:au:-.c. In addillon to SONET. there arc other Ortvcrs rhar will
:ausc raTllcular typc... 01 ulgllal I:lrl:UlI equlpmcnt to hc reurcd hcfore 2()(KJ, Firsl. D-channcl hanks
na\'C !'leen and \\'illl,:ontlnu~' 10 he rC1"laccd hy DIgital Cro.;s(,;onncct Systcms. ;IS wcll a:-. hy dirct.:t
Inlcrt;lI:es tll dignal S\\'IlChcs Second. T-I lcrmmal eQulpmcnt and rcpC:llers arc rcureu whcn fihcr
OpllCS systcms arc deplo\'cu, ThlTlL central oflil.:c DLC lcrmmab arc !'lcmg replal:cd hy direct DLC
Intcrlacc:. InIO S\\'J!L·hcs. whIch ahll ellmmate thc neel.! for 11l1C cards on the sWllch.
IlJ Sec Tahk :',-4 In ,-\lla-:hmcnr .; lor ARL -:omput,JIJons,
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Depreciation Lives for Telecom EqUIpment

Analog carrier equipment has no economi..: \·alll~. ~U:. I:; .l I~\\ r:ac.:". :t ::;~, :'~:

to be officially retired. It simply has no place in a difltal n~!\\·(1ri.. T1:,-' ~:~:"'rt1~r:~l:\?

remaining lives or" this equipment should be zero or at ka:-;t \'~ry. \;?:.~ l\~\\

The other analog circuit categone~ are also basically ot',,~)i;:t;:. ("11n":::I>":":,:

line:' are lIsually u'\ed for pm'ate lin~" that carry d;.l!J tr:1f(l-.· \';~l mlhl;::~~'. :l: ::~<(':.

data rate~ th:1n can be handled on "cani1:.trd linc< In many .::~ .. t: ... j:;::~;j ;-:.:\ :::.: 1:::;'>­

are replacing conditioned analog lir.es for these :.lppli~;.l!ion:..: in ,)!b~:", li1'\;--i\'\\?J

modems a11o\\' the same data rares O\'er unconditioned lin::~ .. 5\IA5 :i.?"i ..:ar':li~ii::~

is being repluced by digital circuit equipment slich as Di~ital Acce.... and C:·t' ...... ·

connect Systems (DACS l.

To keep things simple. we estimate the life or" the entire ;,malol; -:irClll! ;'1":,,'\lUnl

by tying it to the demise of the analog central office en\·ironmem. :n p;"u1icllL:r th.:

demise of analog switching for the indu~try. Although some ~llmp;mie.. h;.l\'c~

already replaced their analog switching. the industry ARL :'Ihould he ~l ~OllJ

"lIITogate for the end of the analog environment. This is COIlSCI"\'<![I\'C' .. in~:1.' much

of the account. especially analog carrier. will be gone before analog s\\'itchin:;. Our

forecast for ;.malog switching. shown 111 Exhibir 10. yields an .-\RL of 2.S yt:>:!j''' :! ..

of l!l /95. Thus. we recommend this as the maximum reason;'lble life for ~l1lak)g

":lreLlIt eqLl1pmem. For a typIcal range of comr;.mie~. thi~ .-\RL \:01T~Sr0r.d .. Ii.' ;1

prOjection life of six to nine years.

Lives for Analog Switching

Exhib)[ J0 show<;, the percentage of access line ... <:m the major ,witch technolt~gy

types. ,-\t year-end 1993. ASPC switching ..erwd : It( of ;,Ieces" iines \\'1.' C\PI,.'C:

thh flgLlI'C (() fall to 5c( by 199~ and 1r( b:- 2001. The f0reCas!" wcore dCl'l\'cd

Lhll1g ;l multiple ~lIbstirution ana"· ... I.. of his!On~al and p!;,r:1nll1g d;lla. 211 Til..' l()rc·

ca... t Implies ;J.n ARL of 2.8 years tor an;,dog "\\'Ilching.::

:':IJ Th.: 11fslOnc;J1 data lhrough IY~l) arc lrllm TFI file,. Tb,: hl-tnn,:;J1 t!;ll;J Illr 11l911·I IIQ; ,Ill'

(rom .-\R:'\tlS rCf'lorr~ rikd \\Ilh the FCC. JnJ the rl;JnnJn~ lI;lt~1 lor 1911..l·!1ll)", ;lre Ihe \\el~tll ..·,:

~l\L:ra~c from ':lghl LEe, Ir.:rrc:-..:ntrng Il\~'r 11)/11111111(111 \.. nri"n~ .:h:1O n.: I, 111 IIN.' , IlJJ! nn\\ld,'l:

u, \\ Hh pl;JnnlO~ oala

:: Sec TJ.h\c .'.~ in Ana..:hmenl.' lor ARL d)tllpul..ltI11n~.
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Exhibit 10
Switching Technology Shares
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Lives for Digital Switching

There are two factors to consider in computing digital switching li'·es. First.
digital switches use a modular architecture that allows individual components of the
switch to be upgraded independently to increa.,;e capacity. improve performance. or
add new fe:.aures and capabilities without having to completely replace the switch.
This creates interim retirements of the components that <lre upgmded. At the end of
the life of a switch entity. most of its components will likely h.lve heen replaced i.\t

least once. Second. rod;Jy'" switch architectures. flexible as they arc. will ulti­
mately he repl<Jced hy a new switching architecture based on ATM.

Our approach to estimating digital switching lives IS (0 concentrate on interim
retirements. We divide the switch Into Its m<lJor components and eSlIm;Jte the life
for each component uSing technology forec;Jstlng. Then. a composite life IS esti­
mated by weighting the component lives hy their percentage of switch investment
Digllal SWitching. bemg relatively new. has expenenced relatively few modular
changeouts so far. However. there is evidence that intenm retirement rates arc
mcreasmg. and our forecasts indicate that they will increase dramatically in the
future.
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Depreciation Lives for Telecom EQuIpment

The major functional components of a digital switch are the folk1\\"Ing:

• Cenrral Processor/Memory-This is basically computer ~qlllpm~nt that
provides the "brains" of the switch.

• Switching Fabric-This pro\'ides the very basic function or J ""'itch:
making the connections between incormng and ourgoing communication,
channels.

• Trunk Inrerjaces-These connect the switch to interoffice transmission
facilities leading to distant switches.

• DLC Line Interfaces-These connect the s\\'itch to DLe facilities in the
loop plant.

• Baseband Lille Imerjaces:':'-These connect the switch to baseband copper
loops dedicated to individual customers. (Traditionally. these provide
analog POTS service. bur this category includes equipment providing
baseband digital sen'ices such as narrowband ISDN as well.)

• Shell-This is the common equipment. such as some cabling and power
equipment. that is not modular and will last the life of the switch entity.::;

Exhibit 11 illustrates how these components make up a digital switch.

:::::: Technically. oaseb:md refers 10 SH,malS lhal are nm muillptcxcd or mooublcJ. where Ihe
conductors carry the SIgnal for oni~ J ,rn~le channel Here. \\c eXlenu (he dclinilion ,li!;hll~' to

Include services sucn as narro\\'l'lanrJ ISO:" whIch tn\'ol\'cs se\'crJ.ll.:hanncl~ Irom the ,am~

I.:USlomer on a Single copper p:m,

:.~ In some cases. It may Include the rnY~lcal housmg 01 ,witch c(lmponent~. hUI (llt~n thesc ;Irc
replaL:ed along with the components,
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Exhibit 11
Generic SWitching Architecture
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To Copper and Fiber

Integrated OLC Systems

Trunk Interface

,
To InteroffIce

Source: Technology Futures. Inc.:.

As noted. the modularIty of the digital switch creates interim retirements of the
components that are upgraaed. Our analysis. summarized in Exhibit 12. yields a
composite ARL of 6.3 years as of 111/95. For existing equipment. this corre­
sponds to a prOjection life of nine to 11 years. depending on the average age of
eX1sting equ1pment.
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DeprecIation Lives for Telecom Equipment

Exhibit 12
.Digital Switching-Modular Retirement AnalysIs

Component
o/c of

In,'estment Kev Drh'crs

Composite
ARL Contribution

IVearSI IVe3r~1

Proccssorli\tcmory :9C:C Lit':: ,,;yci.: ~"(I .--
Swllching Fahri;; SC-; Lift:..:y ~h: & AT'I :',\1 n J.~

Trunk Intcrfa::e j"r 10 SO~ET ~ : yr~ .:..~ (I":,~- (

DLC Line Interface 4C:; Feeder SO:'\ET ~ 2 yrs f>.: ll.:~

Basehand Line Interfac~ 40C:C DLC. FITL. &.: Dig SeT\'i;;~~ f1.: .... ~-

Shell Rc; ATht Architecture 1:.: : ,or.

CllmpOSItC 100':'"( Composite ARL =
las oi 1/1/951

SOllrce: Technology FUlure~. In.:,

The investment proportions shown 10 the exhibit are :l composite of studie~ by

several LEC::., Note that the processor/memory and line interface~ represent. hy

far. the greatest portion of switch in\"estment. comprising 73C':(- ~)f the im'estm~nt in
the ~witch. and that the ~hell repre~~nt~ less than Ioee.

The component li\'es sho\\"n in Exhibit I: were estim:lld hy a cnmbinalJor. \)\
methods. The processor/memory life was hased on a 199: analysis at' first-gencr~l­

[Jon purchases and retirements for :"inrthern Telecom ~wltche~":~ The SWitch I'at'·
ric life was based on our forecast for the integration of .-\T~1 into existing S\\·!tche:--.

;,j, well as ne~r-tenn changeollt'i. Th:: trunk Intcrface and DLe line tnterface i1\\?'

wcre based on the SO~ET adoptiun loreca~ts pre"cmeC1 e~lriJer. with a (\\I)-year 1'1:
added to account for the delayed impacl on s\\ltchll1~. The lite for the large'! (\)01­

ponent. analog line interfaces. was ba:,>cd on lorec~sts of the adoption at mle~ratcJ

DLe and FITL. as well as the impacl of new di~it:.ll services. mcluding narro\\'hanu
ISO~ on non-OLC access lines,

:.;, L. h, \'Jn~lnn. B. R. KrJ\'llZ. anJ R, C. L:n:' ..'\ \(Tt/:.'C P,.,,,('('nlll.' Lill'I {If DI '.: 11111SIt'lId/l//':
,lllil CI/TIlIf [011/(""('1/( <,-\uslIn. TX: Te~'l1n(lI"~~ Future,. in.: .. 1\1l)2 I Pn:pJrcu IN the l:nllcL!
StJle" Tclcphnne ..~S"lKIJlIOn teSTA I.
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The shell. which comprises less than IO'7( of the in\"e!'itment In :l switch. IS the
pan that is not modular and will last the life of the SWItch entity. The shell will be

retired when ATM switches dominate the public network. Exhibit 1:3 show~ our
forecast for the percentage of access lines served by AT~l sWitchinf. along with the
AT:vt implementation method.::'; The first ATM switches in the public ne[work Jre

separate switches that are overlaid on the existing network. :"ext will com~ An t
as a separate switching fabric in existing switch architecture~. ~either of lhe~c

developments will have much impact on existing narrowband switch li\"c~s. Once
certain conditions are met. voice traffic will begin to migrate to .-\T;>.1. First. an
ATM fabric will become the primary fabric in existing digital switches. replacing
the narrowband fabric,::6 Eventuallv. however the entire switch entit\, willlikel\' be. "

retired. After alL todny' s digital switch architectures were not optimized for AT7\ l.
and they will eventually run out of steam like electromechanical and analog elec­
tronic switches have.:-;- The percentage of access lines served by AThI as a new
nrchitecture is used to estimate the life of the shell. The replacement by a new
architecture is not forecaSt to occur until after :WOO. nnd its exact timing is subject to

significant uncertainty. However. this uncertainty is not problematic in eStimating
digital switching lives. because the shell's percentnge of the switch investment is SO

small.

:~ This forct:;.\st alisumcs th;,ll AT\r ~ millal application I~ llmitl:d til data ser\'i':l:s amI ATI\1 L1ncs
not rcat:h Ic;:; of access Itne~ untillhc end of 1996. hut that. thercafter. ATf\1 b adoptcd at the same
,l\'l:ragc pacc as digllaJ SWllchJn~ \\ J\ The ImplemcntaUlln C!;lIm;.\ICS werc dCrI\'ed from thc rc!;ults
01 .1 [9Y3 sur\'ey of network planncrs at nlnc LECs.
:(1 .-\TM sWltchcs arc incredihl~ last. havc tremendous capaclly. and have ;.\ lo\\' COSl per unll of
handwidlh. As Ihc cost gets c\'l:n illwcr and ccnam other rCQulrcments arc me\. It will hCClllllC
more economical 10 switch \'uit:e on ATM than lin tradtlJonal switching fahncs.
: ':' Thcrc arc se\'eral ahematl\c s.:cnarios for how ATM switching may he adoplcd, Fur example.
narmwhand sen'lccs may mlgratc dlrectl\' to new ATM \wll\:hcs. rathcr Ihan fir!;t hemg
Implcmcnted as primary fanncs on cXI!;lJng swlt\:hes, Altcrn:l\I\'cly. it 1\ possihlc that loda~'_

ulgllai architcclurcs. upgraded 10 ATM l:oulJ pro\'c morc rcsJlIl:nl th:m expc\:tcd. f!<lstpunmg the
'lliontion of a new archilecturc, Also, Il IS possihlc that narrowhand scr\'lces could stay nn
narro\\'!"and fatmt:s longer than expeclcd, Fin.Jlly. LECs mIght dcl.Jy upgr;.\(2CS 10 c:\lsllng digllal
'Wl1cncs In anllClpalJOn 01 AT~I, As dlscussea in TramrM/IIlllf! rhe Local £'n'/rcmt:(' Neflml'k.
none or' thcse sccnanos IS likciy to _q;ntfH:,anuy affecl our cSllmatC 01 COnlposllcli\'c\ lor dlgllal
~wl1t:hln~
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Depreciation Lives for Telecom EquIpment

Exhibit 13
ATM Switching-Percentage of Access Lines

Digital
Year Switching FITL AT2\1

(All Tvpesl Switchin!!
1993 68.0'lc 0.2':, G.re:
1994 76.1 'Ie O.4~· 0.1 C"c
1995 80.6'7c 0.8':"", 0.6':C
1996 86.1 c;:'c 1.5'7e l.oce
1997 90.2% 2.8'iC 1.7c:r
1998 94.S'7, 5.:?':, 2.7C",
1999 97.3'7c 9.1'iC 4.5c"(
2000 98.69'c 15.3'7c i.2.c,

2001 99.3'ic 23.6':c 11.5 C:c
2002 99.6'ic 33.I'ic 17.8C:c
2003 99.8% 42.4'7c 26.5'«
2004 99.90/e 51.0ge 37.5C:c
2005 99.9'7c 59.00/(' 50.0~

2006 100.0c:e 67.1 '7c 62.5 cc
2007 100.OCiC 75.0S:C i3.5c;r
2008 100.0C'lC 82.2'7, 82.2C:C
2009 100.09"c 88.:?7C 88.5'7(
2010 100.0':C 92.5 c, 92.SS-
:?011 1OO.OS'c 95.4'7, 95.5'7,
2012 100.0'7c 97.3':( (::J7 .'3tC':,
2013 100.0'7c 98 AS', 98.3'1,
2014 IOO.Ol7c 99.I'7r 99.0'7,
2015 100.Oc, 99.5'!, 99.4 c(

S{l/m e: T~(;hn(llogy FUlur~~, Ill':.

Summary

The forecasts imply rapid obsolescence of the eXisting 10<'::.11 telecommuni<.:ati0ns
Infrastructure and acceierated ad0ptlon ot ne\\ technology, These chunges. dl'J\'cn
by technolog~ ad\'unce. compe!ltlon. ana new -.cen'lces. an: occulTIng acrn" ... all
major categoncs 01 networK ~qulpmcnt. The recommended IJ\'C~ Implied hy our
forecasts are summanzed in the tabk beio\\', These are Industry averages. although
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they should genemlly apply to indi\"idu~l companies with modest variation. These
lives are si~:mific::mtlv shorter than those used in re!!ulatoI"v accountin!!. The\' reflect-. -. _.
the realities of technological change and the need to provide ad\'anced commum.:~­

tions services. They do not, however. fully reflect the impact of competition on the
economic life of equipment and, therefore. m::lY still be too long,

Exhibit 14
TFI Equipment Life Recommendations

,Technology

OUTside Plam
Interoffice Cable. Metallic
Feeder Cable. Metallic
Distribution Cable. Metallic
Metallic Cable. Averaged
Cable. Non-Metallic. All Types

Circuit Equipmem
Analog
Digital

Switching Equipment
Analog
Digital

Recommended
Industr)'

A\'erage Remaining
Life (111/95)

2.9
7.0 to 7.8

7.5 to 10.:t"
7.0 to 8.7"

2.8
3.7

2.8
6,3

Corresponding
Projection

Life'

l~ to 16
15 to 20:

6 to 9
8ro9

9(0 11~

Thesc arc estlmatc, for thc Industry avcrage~ some companies may have lower or hi~hcr rrnJcl"
tion Ii\cs. Notc: The proJeclion lite is lor the rnstalled hase not newly-installed eqUIpment. amI
Jcpends on the panicular dlstrihullon of plant a company has,
., Ignonng comremion for voice servIces.
: The IS-year proJection life retlects nsk due to competition.
~ This IS a reasonahl~ range of projection hes for eXIsting equipment that corresponds to the rec­
ommended industry ARL of 6.3 years. Companies with a shoner ARL may l1a\'e a snoner proJcc­
tlon lite.
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Substitution Analysis and
the Fisher-Pry Model

SUbstmmon analysi~ eX:lImnes panern:- or t~chnology :-llhstitutlon-a r:lttl:rn

which IS remarkably consistent from one substitution to another. The adop­
tIon of ;1 ne\\ technology qarh slowly. As Ihe new technology lmpro\"(~s. it

h~comes generally recognized ;1" superior. The old technology. because of inher­

ent limllJtion ..... expenenc\?' falling markt:t ~hare.

If [he percenrage of the towl market C;IPlllrcd hy a new lechnology i:- planed

over time. an S-sh:.lped cur\'e results. Experiem:e shows thaI a particular s~: ot

models. namely the Fisher-Pry model and ItS extensions. IS most useful for tore­

casting. The model was firs! descrihed by Fisher and Pry in 1971. I II has heen

shown to be appropriate tor suhstitutions 10 both telecommuOIcations and other

industries. \lore than 200 ... ubstltutions. ll1 IOdustnes ranglOg from chemica'" 10

J. C. F"lll:f ;lnu R. H. Pn. ".\ SJlllrll: Sub~II\UIIIJn \111UI:I of Tl:.:hnolllgl.:.L1 Ch;ln~c."

Tl'C!II/n/o'.!lca/ FOI'l'Cll~fIIl'.! (11111 Soow Chan!!/, .; I j l,I"'l J. rr. 7:;-X~
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;.I\'iatlon. ha\"e been identified that tit the Fisher-Pry p:mern.: The S- ... napel1 .:~:r\ ..'

defined by the Fisher-Pry modei is shown in Exhibit i .1.

Exhibit 1.1
The Fisher-Pry Model

New

. I ,

T1IIle

:Ylathematicalh. the model can be \\TltIen:

where yltl is the fractlon of th~ nc~\ te-:i1ll0Il)~Y :.It tll11C 1. The r:lr:unctc:· a I, lh~

lime the new technology reach.: .. SOC; of the (Otal 1I1l1\'CfSl~ of tIle nlJ :l11Ll ll~'\\

technology. The parameter b measme ... hl)\\ last the :->ubstitulloll rrocccu" ..\n­

other commonly-used me:.lsure for the r:.ll.2 ll[' "uostitution I ... the Fi ... ilcr-Pry anllual

.,UbSlilullon r:.lte. defi:led:.l" r = (eh·l) . IOU't'( .

. R. C. Lenz and L. K \ ~LnSlon. COlI/lllirtHIII' ,,(7,',","'1I/1I'.!\ .)1I/)stllllTlt'".' 1// T, II, "II/IIII//l/lelll"II'

ullci (hilt'/' Jlldllstrtt;'~ \ AU~IID. TX T .:.:hnuil'g~ FUlur~s. Inc. \l)X();
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The shape of the Cl1f\'e l~ remarkably constant from ~ul:'l:o;t1tumm w ~Ut',lilll'

tion. However. the time period (wer which the SlIt'slllUlJOn t~k~~ pb.:e \'an~'

greatly from one substitution to another. In electronIl:-. com~k~~ ,m"lltlltll':',

may occur in less than 10 years. while. in the past. comrj.:t~ "'lIihlit::::O!l m;l~

ha\'e taken oyer 20 \'ears for some telecommunication~ SU!:'Stltt:,I":1' TI',;;\\.

telecommunications substitutions are hecoming some\\"h~l nwr;.' iih.~' tiw ... ;.' :;.
electronics. The time period is rebted to the substitution r;.ll~ ;'.';' ;. :";:rl, ..·\.Il;;;·

"ubstitution.

The ratio of the new technoIo~Y to the old technolo~\' i~ ~alkJ tht: Fisher-Pr\_. _.. .

rmio. Against time. the Fisher-Pry ratio plots as a straight lint: 0n ;\ ...t::niil'~anth·
mic graph. as shown in Exhibll 1.:.

Exhibit 1.2
Linearized Fisher-Pry Model

J95
190

-EO
170

l60
150
l40

~ 130
r -,2Q

J i'
01 ~~;.................-1- "-'"-.......-___.......,....:..'.-.,~...._o__"__ ...................._.._......... .......[

100.,....----------------------/~9S

~
10L

~,..
~

~ to I
- E­
~
u

Z

Tune

Tile ngI1i-n.J.nd ,cal;: on lh~ graph "ho\\":- the markt:t rcnetrallon of tht: n~\\

lecnnology. The "emllogamnmlc graph I" commonly u"ed when an~i1yzJng d~l!~l

necallse It I" eaSIer !() \"!,ualIze !han an S-"l1aneJ ClIl'\e. The S- ... h;lpt:d L:urY~ I ...
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more often used for the presentation of resulb because it is easier to expbm and

interpret.

Forecasting with Fisher-Pry

With the Fisher-Pry model. the future course of a panially·comple~t: Sllnstll~;­

tion can be forecast. Using linear or non-linear regression an:llysl~. histoncal .iat~:

can be used to obtain estimates for the' parameters a and b. These estim:.Ites C~lI:

then be entered into the Fisher-Pry equ~tion to obtain projections for futUre ye~lr:'l.

In some cases. it is necessary to forecast the adoption of a new te~hnoI0g:

before it has begun to penetrate the market. Lacking historical data. forecasters
can tum to analogies, For example. if similar historical substitutions Ol'CLlrrec at

substitution rates from 5090 to 100~c. one can posit that the new substitution may
occur at the rate of about 75% (or 50'7c. to be conservative). Also. expen opinion
and other forecasting techniques can be used to aid in estimating the appropnate
rate.

Extensions of Fisher-Pry

In practice. not all technology substitutions exactly follow the Fisher-Pry
model. For example. in some telecommunications substitutions. an t:arly rarid
rate of substitution has been obseryed to pre\'ailup to the lOS- kyel l)f sllb~tittl­

tlon. followed thereafter by a somewhat slower rate, Beyond the 90\"( ~lIhstitlltion

POint. the rate tends to incre:.Ise ag:.Iin, Forecasts can be adjusted to aCCOllIH :"or
this de\'iation hy referring to historical substitutions as analogies,' In the ca"e of
multiple substitution (described h~I(1\\ I and in other situations, SllCll a" c;,rrital
conslr~llned substitution. a more ngorou ... approach can he taken.

\-1ultiplc substitution occurs \\hen the substitution of ont: {Cl:111l0!l)g: for
anmher is in progress and a third t~chnology enters the market. For I?xampie.
digiwl switching was introduced before analog electrolllc SWitches hud L'om­

pletely replaced electromechunic;ll "'\\ltche:-.. so herh ~malog und digllaJ '\\'lIchc..
\\ere suhstituting for electmmech;,rmc:.lJ. Research over the p;,r:-.{ nml? yt:~lr' h~",

. For -:xamplc. ~ee Lenz and Vanslon. C,>IIIN7rIlOI/I.
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proYided an impro\'ed underst:lnJing Ot I11Uill!'k ,-ub,tItU!l0I:. and
techniques haye been de\'eloped for dealinf \\lth 1:.-

Projecting the Market Share of the
Old Technology

The market rem:.lInmg for the old technoiogy 1, uerl\"l~d 1"'\ 'Jn1!'1~ ,ut"tr;I"::::1;
from IOOce the percenrJge of new technology ...:etermmea t':. the Fi~h~r-P:'\

model. A~ sho\\'n in Exhibit 1.3. this is the same as :'e\'ersinf the S-'h~lp.:'J .:un~.

Exhibit 1.3
Market Share of the Old Technology

100
c

90 r
c

80 '"-
70 \~- - \....;::::; 60 New'-' ~

~ .
~ 50 - \
~ \
"..) 40 Old...
~u-

30 -
~..

:0
..

10 -

0

Time

Sourc(': T~chnClI()gy Futurc~, In~'

,~L'~ ./(Im, \\ t...L'Ilr.. ,~r"'iI({I1I(//11 II! 1111' [II'/lcr-PIT ,\lodel .'" \OI/·HII!IIII'.'1'1I1'O//1 Tcch//o/()'.'/clli

P"""llil/O//I, .':Y'iEX S~nH:': Compan\ ( I{)X71 mcluJcJ ;1, .'\rr.:nJ" H In L. 1\.. \';Jns(on and R.
C :.....:n;. Tl'dIlPo{(l'.!lc£/1 S""lfIllIl/OIl III Tr(//lSlIIrSS"1I1 [(((/iil/t" ,or Loutl Td('collrmUIII( 01/0//1

·.-\U'III\, IX. T':d,nolo:;~ FUlur.:" im:,. llJXK). Ahu, \~C L. ~. \'an\ll1n aM R. C. L,nl,
!,·c/I/I/IIOL!/C{/! SlIm'"II/UIl 111511 tld/ll/:': ['IIII{1111l'l}/ fnr Loco: Tt'/eC/lJl/III/1J1JUl1wlIl I AU\lJn, TX.
T ..:,nnCllllgy FUlur.:'. in" " 1'))0\,\ I. pr. 11-111.
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Projecting the Number of Units

The Fisher-Pry model predicts the pc:rCCH:c:gL' or ne\\' ~nd ole t~;;hnl'kl:;:.. Tll

calculate the 1!umher of units of each. an mdependent forecast of lh~ to!J.j m~::'~..:':

must be made. Multiplying the total by the percentages yield~ the nU:11h.::· or ur.::,

of the old and new technology. Exhibit 1A illu5lrate~ how growth, In thl......:~l ...c..'

SC:C- per year growth rate I affects the number of un1t~ or" the old t~l'hl1ull'~;',

.-\Ithollgh the old technology i~ losing m~rket share. it can conrim:.: tCl fI\Wo (llr
seyeral years after the introduction of the new technology. The Lister th~ gnmth

relati"e to the substitution rate. the larger the effect.

Exhibit 1.4
Projecting the Number of Units
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Relationship to Product Life Cycles

The rroJul.:t life cycle ... n0\\ ... ttl~ unit ... Clf ;.1 tecl111ology In ~,Cl"\'l~l' (\I,\?l' tllll:,

Fisher-Pry can be lIsed to for-=C;.1S1 tile prodU<:1 litt: lyd~ 011 a p-=n:cnt.l~C ll,hl .

\\"hh:h can then he Llsed te' "tatc me forecast III term" of [he llumner of unit... 8a :-
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Substitution Analvsls and the Fisher·Pr, Moce'

cally. when a technology is ne\\. It' S-"Ihar~d "IlIb..;t\llltlOn CUI"\'~ t~)rm., th~ uf "H.i~

of the product life cycle. When a newer technology ..:om~, ;"tlor.;. the re\'er,~ l'l

its S-shaped substitution curve iorms the down ~ide ot the r'roJlI":~ lii~ ,,:ycI..: :l';­

the earlier technology. This process is illustrated in E.\hiolt 1.5~ Tll1' 'Jn1pk'

explanation applies only when the substitutions do not o\'erb~. l.~ .. tl;~ ;'IN 'L::"'­

stitution is complete before the second hegm~. Thi~ SltU;ltlOn I" n0\\ ;-;.:r.: In ~::_'

electronics. computer. ;lnd telephone industri~~. where new technoi(lgl~" ..:nrn(' ~)n

the heels of one another. For o\'erlapping suhstltlltlons. the connection hetwee::
the S-shaped substitution cur\'es and the life cycles is more compii..:ated. a" mui­

cutedin Exhibit 1.5b.'<

Exhibit 1.5
Fisher-Pry and Life Cycles

(al

Non-Overlapping

Substitutions

(hI

Overlapping

Substitutions

Life Cycle of
Technology 3

\.

cOO ~,- __~"'="-__• ./_~-= _

;J ~ '" /'
~ /'

'. ,

? =Z:::"
\

\

LUe Cycle of
Technology 3

Time
. -- -_._- -------

Time

50/11'('(': TI:l.:tmllll'::'~ FUlure"l. In\.

. A more dClaiku c\pianallon I' ':.:I\cn In .-\ppenul\ .-\ 01 L. K Vanslon. B. R. f..:ra\ IIi'. :.Ind R. C
Lenz. :h(,rtI~(' Prorcnum LII'c \ (~,. DIl'tllI.' Sll"rlchll/~' {llId Cllnlll Elflll!1IIIl'11! I:\U"Illll, TX.
TCdmology FUlurc~. Inc .. \':)1)21.
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Forecasting Depreciation Lives

Fisher-Pry substitution analysis can be used to foreca~I end J;lI=:- ;"0! Jl1 ')hi

technology. which can then be incorporated into a standard deprCC;~lthm ali~,i\ 'I'"

Fisher-Pry can also be used to help derive the survivor cun'e rrC'!1~ \\'nt.::' ::;~

;..I\"t~rage remaming life (ARL I of the old technology can he calcUIJt~C Thl' ~:\­

cess involves several steps, First. the forecast must be st:.lt~d in te:'rl"!' ~;f the ur.:!,

of old technology. as discussed above, This CUf\'e include~ all ~ur\"i\"C'!' ... of ttl': r.'lJ

technology. while the survivor curve "lpplies only ro equipment in 1"b.:c ~l:- ~)i i 11.:
study date, Thus. to obtain the sun'ivor curve. we must subtra.:: th= ~IJJilit'n ... ~)!

th~ old technology that are added after the ~rudy d.ne. as well :1:- -:qlllrl1i.:n~ ;-':[l:'~'d

due to normal mortality as illustrated in Exhibit l,6,~

Exhibit 1.6
Computing the Survivor Curve
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For general studies. a reasonabl~ ~stimat~ ot ARL can be obtam~d hy using
the propoI1ional curve directly. as illustrated in Exhibit 1. ~. ~egiectlng grown".
may cause the ARL to be underestimated by about J year. while negk.:tm~

retirements due to normal retirements can cause the ARL to be o\,e:'e'tlmatec 1"1:­

about as much. These factors tend to balance each other and. thus. tore:::aSlcr.. ::e,
a good estimate unless the growth rate is extremely high or normal remement" ;:r,,'

especially lo\\'.

Exhibit 1.7
Estimating the Average Remaining Life from the

Old Technology Market Share
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Company Forecasts

Substitution analysis can be applied 10 both an individual company ... d~lt:l \';

to industry data. Naturally. industry data. spread over a larger population. t~i.J'"

to produce smoother curves. Also. individual comp:mies may iag the IOdu..;tr:
substitution. but toward the end of the substitution. they tend to incre~lS~ th~l!" ;·~l~;.'

of substitution and catch up- with the industry. This has the effect of c:\usmg !h~

entire industry to have essentially the same end-date and k~eps the industry on tho:

Fisher-Pry curve: This observation is not surprising. since a company cannot

stay competitive (or in business) if it fails to keep up with its competitor:- in th~

adoption of more efficient technology.

R. C. L~nz and L. K. Vanswn. The iffens nf\'arious Lerc:ls (ltA~g"el!al1mllll TCc!/l/II/IIt!\
SulJ.wrlll/{lIlJ I Austin. TX: Technology Futures. Inc .. 19871.
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